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Orientation-Contingent Face Aftereffects
and Implications for Face-Coding Mechanisms
seen. This assumption requires that upright and inverted
faces match on low-level properties, and although this
is true for many low-level properties (spatial frequency,
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1University of Western Australia contrast, etc.), some differences do remain (e.g., in the
locations of edges). Therefore, we attempted to rule outStirling Highway
Crawley, Perth any contribution of low-level adaptation by introducing
a size change between adapting and test faces (Experi-WA 6009
Australia ment 1B).
We sought converging evidence that any observed2The University of Sydney
NSW 2006 orientation-contingent aftereffects reflect adaptation of
face-coding mechanisms in a second experiment inAustralia
which we attempted to induce orientation-contingent
aftereffects in the perception of face gender (Figure 2).
Although not exclusive to faces (bodies also have aSummary
gender), gender is not an attribute possessed by most
objects. Therefore, orientation-contingent aftereffectsHumans have an impressive ability to discriminate be-
in the perception of face gender would be consistenttween faces despite their similarity as visual patterns
with adaptation of high-level face-coding mechanisms[1, 2]. This expertise relies on configural coding of
rather than more generic object-coding mechanisms.spatial relations between face features and/or holistic
coding of overall facial structure [2–6]. These expert
face-coding mechanisms appear to be engaged most
Experiment 1Aeffectively by upright faces,with inverted faces engag-
We attempted to induce simultaneous, opposite figuraling primarily feature-codingmechanisms [2, 7–11]. We
aftereffects in upright and inverted faces. Forty under-show that opposite figural aftereffects can be induced
graduates (13 male) adapted to six upright faces andsimultaneously for upright and inverted faces, demon-
six different inverted faces [exposure (exp)  1000 ms,strating that distinct neural populations code upright
interstimulus interval (ISI)  200 ms] sampled randomlyand inverted faces. This result also suggests that ex-
for 2 min. Participants saw either upright faces withpert (upright) face-coding mechanisms can be selec-
“contracted” internal features and inverted faces withtively adapted. These aftereffects occur for judgments
“expanded” features (n  20) or vice versa (n  20)of face normality and face gender and are robust to
(see Figure 1 for details). Before and after adapting,changes in face size, ruling out adaptation of low-
participants rated the perceived normality (1 low, 9 level, retinotopically organized coding mechanisms.
high) of 136 upright (8 faces 17 distortion levels, FigureOur results suggest a resolution of a paradox in the
1A) and 136 inverted test faces shown in random order.face recognition literature. Neuroimaging studies have
The test faceswere different identities from the adaptingfound surprisingly little orientation selectivity in the
faces. To maintain adaptation during testing, three up-fusiform face area (FFA) despite evidence that this
right and three inverted adapting faces were shown inregion plays a role in expert face coding [12–14] and
random order (exp  1000 ms, ISI  200 ms) beforethat expert face-coding mechanisms are selectively
each test face (exp  1000 ms, ISI  400 ms). Facesengaged by upright faces [2, 7–11]. Our results, dem-
were viewed from 57cm and subtended approximatelyonstrating orientation-contingent adaptation of face-
9.6  12.7 degrees.coding mechanisms, suggest that the FFA’s apparent
Simultaneous, opposite aftereffects occurred for up-lack of orientation selectivity may be an artifact of
right and inverted faces, with the most normal-lookingaveraging across distinct populations within the FFA
distortion shifting toward the adapting distortion in eachthat respond to upright and inverted faces.
case (Figure 1B). A two-way ANOVA with orientation
as a repeated measures factor and adapting condition
Results and Discussion (upright contracted, inverted expanded [UCIE] or upright
expanded, inverted contracted [UEIC]) as a between-
In Experiment 1, we attempted to simultaneously induce subjects factor was conducted on the aftereffect, which
opposite figural aftereffects in upright and inverted was measured as the shift in distortion level that looked
faces by adapting people to upright and inverted faces most normal. A significantmain effect of adapting condi-
with opposite distortions (expanded or contracted) (Fig- tion, F (1, 34)  31.51, p  0.001, was qualified by a
ure 1A). If distinct high-level mechanisms code upright significant interaction with test orientation, F (1, 34) 
and inverted faces, then we should see opposite after- 149.12, p  0.001, indicating orientation-contingent af-
effects in upright and inverted faces (orientation-con- tereffects. Planned t tests confirmed that significant af-
tingent aftereffects). If not, then the opposite adapting tereffects occurred for both upright (UCIE: t (18)  4.05,
distortions should cancel, and no aftereffects should be p .01, UEIC: t (16) 2.74, p .02) and inverted (UCIE:
t (18)  11.00, p  .001, UEIC: t (16)  8.68, p  .001)
faces. (One outlier was dropped from the UCIE condition*Correspondence: gill@psy.uwa.edu.au
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Figure 1. Test Faces and Results for Experiments 1A and 1B
(A) A test face, shown at eight distortion levels, created using the spherize function in Adobe Photoshop [15]. In the negative (contracted)
distortions, internal features contract and move closer together, whereas in positive (expanded) distortions, they expand and move apart.
Seventeen distortion levels were actually used in the test phase (70, 50, 30, 20, 15, 10, 5, 2, 0, 2, 5, 10, 15,
20, 30, 50, 70). The adapting distortions were 50 (contracted) and 70 (expanded), which looked equally distorted (for both upright
and inverted faces) in pilot testing with 12 participants.
(B) Experiment 1A: The aftereffect (mean  SE) for upright and inverted test faces in each adapting condition (upright faces contracted,
inverted faces expanded; upright faces expanded, inverted faces contracted). For each participant, the aftereffect was calculated by subtracting
the most normal-looking distortion level after adapting from the most normal-looking distortion level before adapting, for each condition. The
most normal-looking distortion levels were obtained by fitting third-order polynomials to each participant’s normality ratings plotted as a
function of distortion level and calculating their maxima, for each condition. Fits were good (mean  0.86, SD  0.08 minimum  0.53; 12
raters were replaced because not all of their fits exceeded .50).
(C) Experiment 1B: The aftereffect (mean  SE), calculated as above, for upright and inverted test faces of different sizes. Third-order
polynomial fits were good (mean  0.88, SD  0.06, minimum  0.70; 3 raters were replaced because not all of their fits exceeded .70).
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Figure 2. Adapting Faces, Test Faces, and Results for Experiment 2
(A) Examples of the male and female faces used as adapting stimuli in Experiment 2.
(B) Test stimuli were morphs drawn from a continuum ranging from an average male face to an average female face (averages made from 24
male and 24 female faces respectively).
(C) Averaged data (SE) from six subjects, showing the position of the subjective category boundary between male and female for upright
and inverted test faces, for three different adapting conditions.
because the pre-post-shift was more than two standard of opposite distortions would cancel, thereby reducing
the contribution of low-level adaptation to the afteref-deviations from the mean. Three outliers were dropped
from the UEIC condition.) Unexpectedly, the aftereffect fects.
was greater for inverted than upright faces, for both, t
2.86 and p  .008. The adapting distortions used for Experiment 1B
This experiment was identical to Experiment 1A exceptupright and inverted faces were chosen to look equally
distorted based onpilot testing, so the difference cannot that the adaptation and test images differed in size
(12.1  15.6 degrees and 5.3  7.0 degrees, respec-be due to differences in the perceived level of adapting
distortion. A stronger aftereffect for inverted faces may tively), and a chin rest was used for ensuring a constant
viewing distance. Twenty-three undergraduates (4male)indicate greater plasticity in the processing of less-com-
mon stimuli. As is typical for contingent aftereffects, participated. Opposite aftereffects were again observed
for upright and inverted faces with the most normal-those observed here were smaller than the simple after-
effects (without opposite distortions presented during looking distortion shifting toward the adapting distortion
in each case (Figure 1C). As in Experiment 1A, adaptingadaptation) obtained with these stimuli under similar
conditions [15]. This reduction is expected because up- condition interacted with test orientation, F (1, 21) 
58.73, p  0.001, and planned t tests confirmed thatright and inverted faces match on many low-level attri-
butes (spatial frequency, contrast, etc) so that the effect significant aftereffects occurred for both upright [UCIE:
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t (11)  3.96, p  0.003, UEIC: t (10)  3.44, p  0.007, In summary,we inducedsimultaneous, opposite after-
effects in upright and inverted faces, indicating that up-and inverted faces, UCIE: t (11) 3.74, p 0.004; UEIC:
t(10)  3.97, p  0.004]. Therefore, the orientation-con- right and inverted faces are coded by distinct neural
populations. Previous studies have shown partial trans-tingent aftereffects were robust to a size change, ruling
out a contribution from adaptation of low-level, retino- fer of figural aftereffects between upright and inverted
faces [17, 18], suggesting that the orientation selectivitytopically organized coding mechanisms. No other ef-
fects were significant, andwe did not replicate the larger is not perfect. The aftereffects reportedherewere robust
to changes in face size, ruling out adaptation of low-aftereffects for inverted faces found in Experiment 1A,
for both, t  1. level, retinotopically organized coding mechanisms.
They are consistent with adaptation of face-codingComparing the size of the aftereffects in Experiments
1A and 1B, the introduction of a size change appears to mechanisms because they affected perceptions of gen-
der, an attribute not generally possessed by objects orhave had a minimal impact on the aftereffect for upright
faces. However, for inverted faces, the aftereffect ap- shapes, and normality, which requires reference to infor-
mation about the statistics of face populations. The adapt-peared reduced in the second experiment. These differ-
ences suggest that adaptation of low-level mechanisms ing distortions used here altered both configural infor-
mation and feature appearance and, therefore, had themay contribute more to aftereffects for inverted faces
than for upright faces. potential to adapt both configural and feature-coding
mechanisms. We speculate that the aftereffects ob-
served for upright and inverted faces may reflect selec-
Experiment 2 tive adaptation of configural and feature-codingmecha-
We attempted to induce simultaneous, opposite afteref- nisms, respectively.
fects in the perceived gender of upright and inverted Our results suggest a potential resolution of a paradox
faces. In contrast to Experiment 1, we used an adaptive in the face recognition literature. Despite behavioral evi-
psychophysical procedure [16] and awithin-participants dence that upright, but not inverted, faces engage ex-
design. Six subjects (3 male) were adapted for 2 min to pert face-coding mechanisms, the fusiform face area
alternating upright and inverted faces (exp  1000 ms) (FFA) responds almost as strongly to inverted as to up-
sampled randomly from eight upright faces and eight right faces [19, 20]. This lack of orientation specificity
different inverted faces. Participants saw either upright is difficult to reconcile with results that implicate the
male faces and inverted female faces or vice versa (Fig- FFA in expert face processing. The FFA responds more
ure 2A). Before and after adapting, participants com- strongly to faces than other objects [12, 13], is sensitive
pleted two sets of 120 trials in which they were required to individuating information in faces [21, 22], is more
to make a forced-choice judgment of the gender of a active (in the right hemisphere) when matching whole
face selected from a continuum ranging from an average faces than face parts [23], and responds more strongly
male face to an average female face (Figure 2B). Each to own-race faces than to other-race faces, with which
set of 120 trials consisted of four interleaved, adaptive participants have less expertise [14]. We suggest that
psychophysical procedures [16], which, in 30 trials, pro- the limited orientation specificity of the FFA may result
vided an estimate of the point along the gender contin- from averaging activity across distinct populations
uum at which the subject was equally likely to respond within the FFA that respond to upright and inverted
male as female: the subjective gender category bound- faces. Brain-imaging studies will be needed to test this
ary. To maintain adaptation during testing, three upright hypothesis. Functional magnetic resonance (fMR) adap-
(U) and three inverted (I) adapting faces were randomly tation [24] could determine whether neurons in the FFA,
alternated (UIUIUI or IUIUIU; exp  1000 ms) before and other face-coding regions, are orientation selective
each test face (exp  1000 ms, ISI  400 ms). A chin by examining whether their responses recover from ha-
rest was used to ensure a constant viewing distance. bituation/adaptation when face orientation changes
Adapting faces subtended 11  15 degrees. Test faces from upright to inverted, or vice versa. fMR adaptation
were smaller, subtending 5  7 degrees. Each subject could also be used for determining which areas contain
completed two sets of 120 trials for one combination of neurons that code configural and feature information in
adapting orientation and gender, followed, 72 hr later, by faces. Although the precise neural locus of the orienta-
two more sets with the opposite adapting combination. tion-contingent face aftereffects reported here remains
Thus, for each subject, four estimates of the subjective to be determined, these aftereffects show that adapta-
gender category boundary were obtained for each pair- tion can be a powerful tool for exploring the computa-
ing of adapting combination (male upright female in- tional mechanisms of face coding [18, 25–28].
verted, unadapted, and female upright male inverted)
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